OBJECTIVE: To investigate differences in the association between smoking and relative body weight by sex, age group and level of education. DESIGN: Cross-sectional study. SUBJECTS: About 36 000 men and women who participated in the Monitoring Project on Cardiovascular Disease Risk Factors in the Netherlands in 1987±1991. RESULTS: The association between smoking and relative body weight differed by level of education. This difference was more pronounced among men than among women. Male heavy smokers had statistically signi®cantly (P`0.05) higher mean body mass index (BMI) than never smokers at high educational level, whereas they had a signi®cantly lower mean BMI than never smokers at low educational level. In addition, ex-smokers had signi®cantly higher mean BMI than never smokers in men with high education but not in men with low education nor in women. The difference in the association between smoking and relative body weight by educational level could not be explained by physical activity, fat intake or alcohol consumption nor by factors related to smoking behaviour. CONCLUSION: The association between smoking and relative body weight may differ between subgroups within one population. Therefore adjustment for these subgroups, for example for educational level, may be inappropriate in studies of the BMI-smoking relationship. Also, stopping smoking may have difference effects on weight in these subgroups.
Introduction
Numerous epidemiological studies have shown that smokers have relatively lower body weights than nonsmokers 1±11 and smoking cessation often leads to weight gains. 1±3,5,7,10,12±14 This is mainly due to the effects of smoking on metabolic rate: smoking increases energy expenditure, 15 and the effect of nicotine is especially strong during light activity. 16 Moreover, the inverse relationship between smoking and relative body weight seems to become stronger by increasing age 4 which can be explained by longer duration of smoking. 5, 17 Among smokers a U-shaped relationship between number of cigarettes smoked and relative body weight has been found in several studies, those smoking 10±20 cigarettes per day being leaner than those smoking less than 10 and those smoking more than 20 cigarettes per day. 1±5,7,9,18,19 Although this seems paradoxical given the metabolic effects of smoking, it has been suggested that heavy smokers may weigh more because of clustering of other unhealthy habits such as high intake of saturated fat, heavy use of alcohol and little exercise. Indeed, a study in Finland found that smoking was no longer inversely but positively related to body mass index, especially in younger middle-aged men. 17 These ®ndings suggest that the association between smoking and relative body weight may differ between men and women and also between different age groups. Besides the effect of age, any relationship between smoking and relative body weight may be confounded by socioeconomic status (SES), as people with lower SES tend to smoke more 9, 19, 20 and to have higher BMI 9, 11, 20 than those with higher SES. Other lifestyle factors which may effect body weight are also related to SES. We studied the association between smoking and relative body weight in the Dutch population using data from the Monitoring Project on Cardiovascular Disease Risk Factors assigning special attention to the possible variation in this relationship between men and women and between different age groups and socioeconomic categories.
Subjects and methods
The Monitoring Project on Cardiovascular Disease Risk Factors was carried out in the Netherlands from 1987 to 1991. The aim of this project was to monitor major risk factors for cardiovascular diseases, for example blood pressure, plasma cholesterol, smoking habits and relative body weight. The project was carried out by the municipal health services in three towns in the Netherlands: Amsterdam, Doetinchem and Maastricht. Each year new random samples of men and women aged 20±59 y were selected from the municipal registry of each town and invited to participate in the study. The overall participation rate for these years was 50% for men and 54% for women. 21 From 1987 till 1991 about 36 000 men and women were examined.
The respondents were weighed wearing indoor clothing after they had taken off their shoes and emptied their pockets. Weight and height were measured to the nearest 0.1 kg and 0.5 cm respectively. Body mass index (BMI) was calculated as weight divided by height squared (kg/m 2 ) as a measure for relative weight. Current cigarette smoking was estimated from the questions`Do you smoke?' as well as How many cigarettes do you smoke per day?' Former smoking was estimated from the following question: Have you ever smoked cigarettes regularly?' In addition some further questions concerning smoking history were asked of all subjects:`At what age did you start cigarette smoking?',`Do you smoke cigars now?', and`Do you smoke pipe now?' In the analysis respondents were classi®ed as follows:
(1) Regular cigarette smokers reported smoking cigarettes every day. They were further classi®ed into (a) light to moderate smokers, those who smoked 1±19 cigarettes per day, and (b) heavy smokers, those who smoked 20 or more cigarettes per day. (2) Other current smokers reported smoking cigarettes occasionally or smoking pipe or cigar currently. Due to small number of subjects (430 men, 72 women) this category was excluded from the analyses. (3) Ex-smokers reported smoking cigarettes regularly in the past but not currently. (4) Never smokers had never smoked cigarettes regularly.
In addition, information was obtained about education, physical activity during leisure time, alcohol consumption and energy intake. Education was used as a measure for socioeconomic status. It was categorized into three levels: low, medium and high. Low education was de®ned as primary school, lower occupational education or less, medium as secondary level education and high education as university, higher occupational or corresponding education. Physical activity was dichotomized into inactive and active. Active was de®ned as exercise during leisure time for at least four hours per week. Alcohol consumption was obtained by asking the number of alcohol containing beverages in glasses per week and then divided by seven to get the average number of drinks per day. The usual dietary intake was assessed by using a short (70 food items) self-administered semi-quantitative food frequency questionnaire. 22 The questionnaire has been constructed to be able to assess the intake of energy and nutrients of interest in cardiovascular disease epidemiology. The food frequency questionnaire has been validated in a subsample of 203 subjects. Unfortunately, it is known that there is increasing underreporting of energy intake by increasing levels of overweight 23 (usually there is a negative association between energy intake and BMI although it is known from controlled studies that the association should be positive). Therefore, percentage of fat in total energy intake was used in the analyses instead of total energy intake. After excluding pregnant women (n 306) there remained all together 35 657 subjects in the study.
To assess the possible selection bias, a nonresponse survey was carried out among 1620 subjects who had been approached between August and December 1991. 21 In 1992 they were approached for a second time by telephone (75%) or by mail for those who did not have a telephone (25%). The response was 61%, 23% could not be reached and 16% refused to participate. Respondents and non-respondents were similar with respect to educational level. In men, but not in women, the percentage of smokers was 15% higher among the non-respondents than among the respondents. The percentage of alcohol users was about 10% lower among the non-respondents compared with the respondents.
Statistical analyses
For crude analysis of the relationship between smoking and BMI, we compared mean BMIs in different smoking categories across age groups and levels of education. Since educational level, but not age, emerged as an important modifying factor in the crude analysis, multiple regression analysis was used for calculating mean BMIs in different categories of smoking adjusted for age and strati®ed by level of education. Mean BMIs by smoking category were calculated using the general linear model (GLM) procedure of SAS statistical software. 24 Con®dence intervals for the estimates were calculated from standard errors of the regression coef®cients assuming that the sampling distributions of the coef®cients were normal. To test the signi®cance of effect modi®cation by education, we performed a regression analysis with BMI as the dependent variable and age, smoking status and educational level as independent variables together with an interaction term between educational level and smoking status. Since the results for medium education category were intermediate to those of low and high education and to keep the comparison as simple as possible, only high and low educational levels were included in this analysis. To test whether the interaction could be explained by lifestyle or by factors related to smoking behaviour, we added variables measuring these factors to the model containing the interaction term, ®rst`lifestyle variables' alone, then`smoking factors' alone and ®nally all together. To evaluate possible clustering of unhealthy lifestyle habits in heavy smokers, we compared the proportion of physically active, alcohol users and mean percentage of fat in total energy intake in heavy, light, never and ex-smokers strati®ed by educational level. Table 1 gives the mean BMI, mean age and proportion of subjects with high education in different categories of smoking. In both sexes, light smokers were the leanest. Differences between the smoking categories in age and educational level were observed. Overall, heavy smokers weighed slightly more than never smokers among men but slightly less than never smokers among women. Ex-smokers weighed more than never smokers among men but not among women. As reported already earlier, 21 the mean BMI increased with age in both sexes and was inversely associated with educational level. This was more pronounced in women than in men. The prevalence of regular cigarette smokers was 42% and 39% in men and women respectively.
Results
Mean BMI by smoking category was calculated for different age groups and different levels of education. The association between smoking and BMI was similar in all age groups (not shown) although more pronounced with advancing age. The association differed, however, by level of education. Figures 1 and 2 show the relationship between smoking and BMI strati®ed by educational level when adjusted for age. Among men, heavy smokers weighed more than light smokers at all levels of education. In the low education category, heavy smokers weighed signi®cantly less than never smokers whereas they weighed signi®cantly more than never smokers in the high education category. Ex-smokers weighed signi®cantly more than never smokers at high and medium educational level whereas there was no difference in BMI between never and ex-smokers at low educational level. There was a bigger difference in BMI among never smokers across educational level than among heavy smokers who tended to have a`similar' BMI regardless of education. Among women, smokers usually weighed less than never smokers, but the difference was more pronounced, and signi®cant, at low educational level. Also ex-smokers weighed less than never smokers at low educational level whereas there was no difference between them and never smokers at other levels of education.
The interaction between smoking and educational level described graphically in Figures 1 and 2 is presented as results of regression analysis in Table  2 . Never smokers with low education were used as the reference category. The modifying effect of level of education (the interaction term) was statistically signi®cant for both sexes in all categories of smoking. The table shows Clustering of unhealthy lifestyle habits among heavy smokers was evaluated by comparing some characteristics across smoking categories strati®ed by level of education (Table 3) . Heavy smokers were more often alcohol users and less physically active than light or never smokers. This was more pronounced among men with high education, among whom heavy smokers weighed more than light or never smokers. But it was also true for men with low education and for women. The percentage of fat in total energy intake varied only little across the smoking categories and was slightly inversely associated with heavy smoking. Heavy smokers were also older and had smoked longer than light smokers. Exsmokers were similar to light smokers with respect to alcohol intake but similar to never smokers with respect to physical activity. Figure 1 Mean BMI by smoking category in men aged 20±59 y, strati®ed by educational level and adjusted for age.
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To test whether the effect modi®cation of education could be explained by lifestyle or by factors related to smoking behaviour, we added the variables measuring these factors to the model containing the interaction term (Table 4) . BMI was signi®cantly inversely associated with physical activity, alcohol use (positively in men, inversely in women) and percentage of fat in total energy intake (positively in men only), but these factors did not explain the interaction between smoking and education. Factors related to smoking behaviour, such as duration of smoking, number of cigarettes smoked, number of cigarettes smoked during the smoking period (ex-smokers) and duration since stopping smoking (ex-smokers) did also not explain the interaction. In men, duration of smoking and duration since stopping smoking were signi®-cantly inversely associated with BMI, while number of cigarettes smoked (borderline) and number of cigarettes smoked during the smoking period were signi®cantly positively associated with BMI. In women, only the duration of smoking and number of cigarettes smoked during the smoking period (exsmokers) were statistically signi®cant. The coef®-cients for the smoking status and for the interaction terms were somewhat reduced but still signi®cant after adding the lifestyle and smoking behaviour variables into the model. The proportion in the variation of BMI explained by these factors was 12% in men and 15% in women.
Discussion
It has been suggested that socioeconomic factors such as education might at least partly explain the greater body weight of heavy cigarette smokers, because in most developed countries low SES is strongly associated with higher prevalence of cigarette smoking and with higher prevalence of obesity, although this relationship is stronger among women than among men. In studies which have taken SES into account it has not been an important confounder and has not explained the greater body weight of heavy smokers. 3, 5, 9, 19 In accordance with the general notion, low education was strongly associated with smoking and higher BMI in our study population, the latter being more pronounced among women. But instead of being a confounder, education was found to be an effect modi®er.
Our main ®nding was that in a study population containing almost 36 000 Dutch men and women aged 20±59 y during 1987±1991 the association between smoking and relative body weight differed by level of education. Heavy smokers weighed more than never smokers at high educational level, whereas they weighed less than never smokers at low educational level when adjusted for age. This modifying effect of education was more pronounced in men than in women. Also ex-smokers weighed more than never smokers among men with high education but not among men with low education nor among women.
Lifestyle factors such as physical activity, alcohol consumption and percentage of fat in total energy intake were associated with BMI, but did not explain the modifying effect of education observed in the present study. Likewise, factors related to smoking history such as duration of smoking and number of cigarettes smoked per day, duration since stopping smoking (ex-smokers) and number of cigarettes smoked during the smoking period (ex-smokers) did not explain the variation in the association by education. 
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Some differences in the association between smoking and relative body weight were observed between men and women. For men, the association was opposite at low and high educational level, whereas, for women, the association was to the same direction but stronger at low educational level. Also the percentage of fat in total energy intake was signi®cantly related to BMI among men but not among women. Moreover, alcohol consumption was positively associated with BMI among men but inversely associated with BMI among women. Even though this is in agreement with the ®ndings of several studies, the evidence for the relationship between alcohol consumption and weight remains somewhat inconsistent in the literature which might be due to validity problems in measuring alcohol consumption. 25, 26 In our study population alcohol consumption was more frequent at high than at low educational level.
Age was a positive predictor of BMI whereas duration of smoking was inversely associated with BMI when adjusted for age. This ®nding is supported by previous research. 5, 17 Also in accordance with other studies is our ®nding that the number of cigarettes smoked per day was positively associated with BMI. 9, 17, 19 The fact that the number of cigarettes smoked per day was not statistically related to BMI is probably due to that the division into heavy and light smokers was enough to cover the effect of amount of smoking. For ex-smokers, number of cigarettes smoked per day during the smoking period was positively associated with BMI which is supported by studies in which heavy smokers have been found to gain more weight than light smokers after stopping smoking. 13 Duration since stopping smoking was inversely related to BMI which agrees with the ®nd-ings of Chen et al 10 who demonstrated that weight gain after cessation of smoking levelled off after some years, and with the ®ndings of Flegal et al 14 who found that those who stopped smoking less than 10 y ago gained more weight than never smokers while those who had stopped smoking more than 10 y ago did not.
We found some evidence for clustering of unhealthy lifestyle habits such as physical inactivity and heavy alcohol use among heavy smokers compared to light and never smokers in men and women. In women, alcohol use was inversely associated with BMI and therefore only physical inactivity remains to explain the greater body weight of heavy smokers. Heavy smokers were also older and had smoked Smoking and body weight by educational level A Molarius and JC Seidell longer than light smokers. These factors may have cancelled out each other's effect to some degree since age was a positive and duration of smoking a negative predictor of BMI. Due to underreporting of energy intake by increasing level of overweight the absolute energy intake and energy expenditure could not be measured adequately in this study. The percentage of energy intake derived from fat was not related to heavy smoking. In spite of the fact that lifestyle factors did not explain the modifying effect of education on the association between smoking and BMI, it is likely that, among men, the observed abundant use of alcohol among heavy smokers at high educational level has contributed to their higher BMI when compared to never smokers. Among women, the more frequent alcohol use of heavy smokers at high educational level must have resulted in a lower average BMI than would have been observed with less use of alcohol since alcohol use was inversely associated with BMI among women. Alcohol use may thus be one of the reasons why the effect modi®cation by education was more pronounced among men than women.
It has been suggested that the inverse association between smoking and relative body weight might no longer hold in populations with previously high but currently low prevalence of smoking. 17 In our study population smoking was still relatively common compared to other Western European countries, but smoking prevalence differed remarkably by level of education. Even though light smokers were leaner than never smokers at all educational levels, male heavy smokers weighed more than never smokers at high educational level where also the prevalence of smoking was lower than at low educational level. This ®nding suggests that the association between smoking and relative body weight may also differ in different subgroups within one population. If this is the case, it has both statistical and public health implications. From a statistical point of view, if there are subgroups where the association between smoking and relative body weight differs, the apparent overall association depends on the relative proportions of these subgroups in the population. Also, adjustment for SES, which is frequently used in studies on the association between smoking and body weight, may be inappropriate and might in fact hide the existing differences between socioeconomic levels in the BMI-smoking relationship. From the public health point of view, if, for example, the weight of ex-smokers compared to never smokers differs between subgroups, stopping smoking may have different consequences with respect to body weight in these subgroups. There is, of course, no doubt that stopping smoking is to be recommended in all subgroups of a population. However, in some subgroups there may be less need to be concerned about possible weight gain after smoking cessation. Therefore it might be possible and more effective to target the efforts to prevent weight gain after smoking cessation to the subgroups which need and pro®t most from such efforts.
Although the number of subjects in this study was large, the response rate was relatively low. On the basis of the results of the non-response study, nonrespondents (in men) smoked somewhat more than respondents but there was no difference in education. Thus, among men, the proportion of smokers must have been slightly underestimated at all levels of education. We did not have information about the relative weight of the non-respondents. Even such information would have been available, it would not We did not ®nd any obvious explanation to the effect modi®cation of education in the smoking-BMI relationship. There are two possible explanations to these`negative' ®ndings. Either factors related to lifestyle and smoking habits do explain the effect modi®cation but we did not measure these factors with required degree of precision. Unprecise measurements can result from limited reporting of the subjects or for example partly from the fact that some of the key variables were dichotomous. The observed clustering of unhealthy habits in heavy smokers at all levels of education (although more pronounced at high educational level) supports, however, the ®nding that these factors cannot fully explain the effect modi®cation. Another possible explanation is that some other factors which we did not measure in this study, such as slimming behaviour, other measures of conscious and unconscious weight control, personality types or other psychosocial factors, are at play. It has been suggested that some people may adopt the habit of smoking to control body weight 4 and it is a general notion that many people sustain to smoke because they are afraid of weight gain. 12 Tendency to this type of behaviour may differ between levels of education. For example, heavy smoking among people with high education might be more related to stress than among those with low education. Our observations are, however, based on cross-sectional data and cannot thus provide any evidence for temporal mechanisms in the relationship between smoking and relative body weight at different levels of education. Similarly, questions about reasons for smoking were not asked in this study.
Conclusions
We observed that the association between smoking and body mass index differed by level of education in our study population. These different associations could not be explained by differences in other aspects of lifestyle such as dietary fat intake, physical activity and alcohol consumption nor by differences in smoking behaviour. It is unlikely that there are major genetic determinants that may explain these observations. Further research on the reasons why men and women with low education weigh relatively more than men and women with high education, why the effect of smoking differs by educational level other than fat intake, physical activity and alcohol consumption and whether these differences exist also in other populations is needed, because it may contribute to the understanding of the etiology of obesity in smokers, ex-smokers and never smokers.
